angiomyolipomas treated from 1984 to 2000 were retrospectively analyzed. All patients had bilateral multiple tumors (mean size 6.6 cm). Lesions were classified as small (< 4 cm, n=10), medium (4-10 cm, n=6) or large (>=10 cm, n=8) based on the size. Computed tomography was annually repeated for followup observation and semiannually after embolization.
Results: Intervention was required in 20%, 50%, 100% of kidneys with small, medium and large tumors, respectively. The mean reduction rate of renal function was 9% in the patients treated with embolization, though one patient experienced renal atrophy. With a mean followup of 60 months, all patients but 1 are alive without renal failure.
Conclusions: Although asymptomatic angiomyolipomas associated with TSC gradually grow, severe hemorrhage is rare and most tumors can be conservatively managed by annual computed tomography. Embolization is the first choice of intervention but should be reserved until symptoms develop.
INTRODUCTION
Tuberous sclerosis complex (TSC) is an autosomal dominant disorder transmitted by 2 genes: TSC1 and TSC2. The incidence is estimated approximately to be 1:10,000 births; however, 65 to 85% of the cases arise via spontaneous mutation. 1 It is characterized by seizures, mental retardation and hamartomatous lesions, including facial angiofibroma, subependymal giant cell astrocytoma, cardiac rhabdomyoma and renal angiomyolipoma (AML). Although traditionally recognized as a neurologic and dermatologic disorder, renal disease is a frequent manifestation of TSC and the leading cause of death in adults. 2 Renal cell carcinoma can develop in TSC patients at a younger age than in the general population. Renal cysts can cause renal failure from progressive compression of functional parenchyma. The commonest manifestation in the kidney is AML. The AMLs associated with TSC usually show multiple, bilateral and symptomatic natures compared with sporadic AMLs. Some authors have recommended intensive intervention for patients with these tumors, and others have reported that all of these tumors do not necessarily require intervention. 3, 4 In this study, we retrospectively evaluate the treatment outcome of AMLs associated with TSC and discuss the treatment strategy for these tumors. 
PATIENTS AND METHODS

From
RESULTS
The patients consisted of 6 males and 6 females with a mean age of 28.8 years (range 15-47). The diseases associated with TSC included mental retardation (n=7), lung lymphangiomyomatosis (n=2), liver tumor (n=2) and retroperitoneal lymphangiomatosis (n=1). Seven patients (58%) presented with tumor-associated symptoms, including flank pain (n=6) and a palpable mass (n=1). A renal tumor was the first manifestation of TSC in 5 patients. In the remaining 5 patients (42%) tumors were asymptomatic and incidentally discovered at evaluation for TSC (n=4) and examination for polydipsia (n=1). All but 1 patient had bilateral multiple tumors at initial presentation and that patient developed tumors in the contralateral kidney 2 years later. Thus, all patients had bilateral multiple tumors.
The mean tumor size was 6.6 cm (range 1.5-15). Of the 24 tumors, 10, 6 and 8 tumors were classified as small, medium and large, respectively. Symptoms at presentation were noted in 0 (0%), 2 (33%) and 6 (75%) of the small, medium and large tumors, respectively. Initial and subsequent treatments are shown in Table 1 . Among 14 kidneys (mean tumor size 4 cm, range 1.5-12 cm) 8 tumors grew during the observation period.
The percentages of growing lesions were 70% (7/10), 0% (0/2) and 50% (1/2) in small, medium and large tumors, respectively. Remarkable growth was observed in the third decade of life in 3 females and 1 male, but the growing speed did not exceed 1.5 cm per year.
( Fig. 1) . No patients experienced uncontrollable renal hemorrhage. Subsequent intervention was required in 4 patients for an abdominal mass or pain. Finally, a total of 3 nephrectomies and 11 embolizations were performed. Excluding 3 prophylactic interventions, 20% (2/10) , 50% (2/4) and 100% (7/7) of small, medium and large tumors required intervention for symptoms, respectively.
All nephrectomies were done before 1991 and their indications were intractable flank pain in 2 kidneys and an abdominal mass in 1 kidney, whose tumors were multiple, large and consuming almost the entire kidney.
TAE has been a preferred intervention in our department since 1995. Indications for TAE were flank pain in 8 kidneys from 7 patients and prophylaxis in 3 kidneys whose tumor was asymptomatic but larger than 4 cm. Reembolization was required in 5 kidneys because of tumor multiplicity (n=4) and incompleteness due to vascular spasms (n=1). Of the 8 symptomatic kidneys, clinical symptoms disappeared in 6 and did not change in 2.
All tumors decreased in size with a mean decrement rate of 43% (range 0-87), excepting 1 tumor, which was 15 cm in size, composed of prominent fatty tissue and presented with a abdominal mass (Fig. 2) . There was no significant statistical difference in the decrement rate between tumors 10 cm or more and those less than 10 cm (p=0.12). In 15 of 16 procedures, flank pain and fever associated with postembolization syndrome occurred, but these symptoms could be reduced with conservative management. Renal atrophy occurred in 1 patient. Embolization was performed using 3 metallic coils and 17 ml of absolute ethanol for a 10 cm tumor supplied by 2 feeding arteries from the 2nd renal arterial branch.
He experienced severe postembolization syndrome. Followup CT obtained 3 months after TAE showed renal atrophy and his creatinine level had risen from 0.8 to 1.2 mg/dl; however, he remained asymptomatic and normotensive. No tumors required further surgical treatment or drainage.
The mean reduction rates in renal function calculated by the reciprocal of serum creatinine after the intervention were 35% (range 18-57) and 9% (range 0-33) in patients after nephrectomy and TAE, respectively. At last followup 10 patients were alive without renal failure and 1 patient was lost to followup at 38 months. TSC is one of the phacomatoses and TSC patients are at risk for developing malignant tumors similar to other carcinoma-hamartoma syndromes. 6, 7 Although reports of renal malignancy in young TSC patients have suggested an association, renal cell carcinoma is, in fact, rare. Furthermore, recent advanced imaging techniques can differentiate AMLs from carcinomas and circumvent unnecessary nephrectomy. 8 Renal cysts are found in approximately 20% of patients. They usually develop in childhood and their incidence becomes stable with age. 9 The presence of numerous renal cysts can cause renal failure; however, its prevalence was reported to be 1-3%. 10, 11 AMLs occupy an important place in management of adult TSC patients, since 6
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AMLs are encountered in 60-80% of the patients, often develop bilaterally, and are large and symptomatic more frequently than sporadic AMLs. They develop in childhood, do not disappear and their incidence increases with age. 9 Dysmorphic vessels in AMLs can have microaneurysms or macroaneurysms. These aneurysms may rupture and bleed, resulting in significant morbidity: pain, loss of a renal unit, subsequent renal failure, and possibly death, although AMLs do not cause renal failure by themselves. 
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AMLs associated with TSC are unlikely to be amenable to partial nephrectomy because of their multiplicity.
TAE was performed to control acute hemorrhage temporarily, and has been used with increasing frequency to manage not only symptomatic tumors but also asymptomatic tumors at risk for hemorrhage because patient symptoms are usually the result of hemorrhage. TAE can effectively control symptoms in 80-93% of tumors and shrinks the majority of tumors. 14 TAE is considered the first choice of intervention for symptomatic
AMLs associated with TSC. The response to TAE is, however, related to the tumor's internal components. The angiomyogenic components nearly all disappear, but fatty components are slightly reduced after TAE. 15 Reembolization, considered a disadvantage in TAE, was required in 45% of cases in this study, which was possibly attributable to the nature of tumors with multiplicity. We believe the repeatability of this intervention is an advantage in TSC patients. TAE is a safe and tolerable procedure, but a risk of unexpected large ischemic change should be kept in mind when treating a tumor with multiple feeding arteries. 16 To our knowledge there has been no randomized study on prophylactic intervention for AMLs, so long-term followup data on the natural course are needed to judge its efficacy.
The risk for hemorrhage from AMLs is unknown. Published series suggest that hemorrhage occurs in half of the patients and is related to the size of the tumor. 17 Although the size cutoff point recommended by Oestering et al is 4 cm, all tumors larger than 4 cm do not necessarily require intervention. As some authors reported that tumors larger than the 2nd cutoff point of 8 cm or 10 cm required intervention more frequently than small tumors, all lesions larger than 10 cm were considered to require intervention in this study. 16, 18 Furthermore, TSC patients were reported to have tumor enlargement and require intervention more frequently than sporadic patients. Steiner et al observed that 67% of AML grew and 50% required intervention. 3 Van Baal et al reexamined 20 patients after an interval of 5 years and found that 20% had enlarged tumors, 35% had renal hemorrhage requiring hospitalization, 10% required nephrectomy and 5% died. 4 These authors therefore recommended prophylactic intervention with semiannual followup for asymptomatic tumors larger than 4 cm. Serendipitous rapid tumor growth, which exclusively occurred in the 2nd or 3rd decade with a maximal growth speed of 4 cm per year, was reported in TSC patients. 3, 9, 19 But these reports could not delineate the growth curve because of the long followup interval. The most interesting finding in this study was that the growth curve was linear even when they showed rapid growth. No patients had uncontrollable hemorrhage during followup until the lesion enlarged to 15 cm or presented symptoms.
These results suggest that immediate TAE is mandatory for symptomatic tumors 
CONCLUSIONS
Although asymptomatic AMLs associated with TSC gradually grow, severe hemorrhage is rare and most can be followed by annual computed tomography.
Embolization is the first choice of intervention but should be reserved until when symptoms develop. Further followup study is warranted to optimize the management of renal AMLs associated with TSC. Numbers in parentheses indicate the number of nephrectomies.
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Harabayashi et al. Figure 1 Tumor size according to age. Tumor size examined at first presentation and during followup is plotted against age. Crosses indicate that intervention was performed. 
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